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Preferential usage of certain T-cell receptors by the 
lytnphocytic infiltrate in psoriasis Inight indicate the 
involveInent of an antigen in the pathogenesis of this 
disease. However, to date there are no data on the 
cOInplete T -cell-receptor Va and V {3 repertoire in 
psoriatic patients. We therefore cOInpared the usage 
of T -cell-receptor variable regions in blood and skin 
of 10 patients with chronic plaque-stage psoriasis by 
Ineans of seIniquantitative polytnerase chain reac-
tion. Additionally, HLA class II alleles were analyzed 
by Ineans of sequence-specific oligonucleotide typ-
ing. A considerable restriction of the T -cell-receptor 
repertoire was observed in the skin, where up to 20% 
of the variable regions present in the blood were not 
T he onset of psoriasis in a patient 6 months after allogeneic bone-marrow transplantation from a pso-riatic sibling [1] , successful treatm ent o f psoriasis with anti-CD4 antibodies [2,3], and documentation of HLA class II associations with psoriasis [4] are 
some of the more recent findings in favor of the hypothesis that 
T-helper cells play a pathogenetic role in this disease . Leung et al 
demonstrated the enrichment of T cells expressing distinct T-cell 
receptor (T CR) V{3 regions within the cutaneous infiltrate of 
lesions in acute guttate psoriasis. Based on this observation they 
suggested that local activation of these cells by superantigens might 
trigger the onset of this disease [5] . This concept is also supported 
by the clinical observation that psoriasis is associated with b acterial 
infection [6,7]. To further investigate the hypothesis of psoriasis 
being a process triggered by antigens w e analyzed the complete 
TCR Va and V{3 repertoire by means of semiquantitative reverse 
transcriptase polymerase chain reaction. 
MATElUALS AND MET H O DS 
Patients and Patient Samples Having obtained info rmed consent, 
biopsies w ere taken from !esiona! skin (elbow) of to patients with chronic 
plaque-stage psoriasis. Samples w ere snap frozen in liquid nitrogen, and 
stored at - t35°C until further usc. Additionally, mononuclear blood cells 
w ere prepared by Ficoll density gradient sedimentation (Sigma, Germany) at 
the sam e time, frozen in m edia containing 90% fetal bovine serum and 10% 
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detectable. This was true for both a- and {3-chains. 
However, no interindividually constant pattern of 
T -cell-receptor restriction was deducible. Inconsis-
tently, a certain preferential usage of some {3 chains 
occurred within the cutaneous compartment. This 
report on the complete T -cell-receptor Va and V {3 
repertoire in psoriasis documents the restricted re-
ceptor repertoire of infiltrating T cells and a lack of 
enrichment of superantigen-associated V{3 regions. 
Thus superantigens seem not t o playa pathogeneti-
cally relevant role in chronic plaque-stage psoriasis. 
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dimethylsulfoxide, and stored at - 80°C. Mononuclear blood cells were 
chosen as control to be able to compare the resul ts with those ob tained by 
other groups also utilizing tlus m aterial fo r control purposes [5,8]. M ore-
over , the dramatic increase in T -ccllnumber in psoriatic lesions is likely to 
completely mask the spare pre-existing infiltrate in nornlal or lesion-free 
skin so that tllese sources seem not to be sui table for control purposes. 
Polymerase Cha in Reaction To an alyze the TCR repertoire in the 
cutaneous compartment and in tile peripheral blood, 0.5 g of tile frozen 
biopsy material or 2 X 106 mononuclear blood cells were used. Cells were 
lysed and to tal RNA was extracted using tile single- step guatudine-
isotluocyanate-phenol-chloroform-extraction-method. First-strand cDN A 
was synthe tized by random hexamers priming. T he specific conten t of 
cON A derived from TCR O'- ch ai.n transcripts atld {3-chain transcripts of me 
reaction was estim ated by competi tive coamplification of various amounts 
of the syntlletic control D N A [9]. T he VO'- an d V{3-fa mily-specific ampli-
fications w ere perfonned employing a specific C-pri mer and a set of 29 
specific Y O' primers [10] and a set of 24 specific V{3 primers [11] , 
respectively. Amplification of fi rst-strand cDNA derived from 0.05 to 0 .1 
f-Lg total RNA was perfonn ed in a fi nal volume of 15 f-Ll containing 0.5 U 
T aq DNA-polymerase (Gibco), 2 pM of each primer, the adequate amount 
of standard DNA, 200 f-LM deo>."ynuclcofide triphosphate, atld reaction 
buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 m M MgCI2 , and 0 .001 % 
gelatine) . Polynlerase chain reaction (PCR ) was carried ou t using an 
Onllugene thernlocycler (MWG-Bio tech , Gemlany) , each cycle comprising 
denaturation at 94°C, annea ling at 63 °C, and ex ten tion at 72°C . A total of 
30 cycles was perfo rmed . T he novel strategy of quan ti fi cation using an 
internal statldard for each of the specific 53 atllplifications greatly enhances 
accuracy of quan tification . T he internal statldards are sY1l thetic DNA 
sequences containing the primer binding sites yielding am plification prod-
ucts that are 50 to 100 bases longer tllan tile corresponding TCR amplimer. 
T herefore the coamplified products can be separated by agarose- or 
polyacrylamide-gel electrophoresis. ' 
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Table I. Sequence-Specific Oligonucleotide Typing 
Reveals the Patients' Heterogeneous HLA Class II 
Backgrounds 
Patient 
Number DRB1 ' DOA1* 
1 0701, 0701 0201, 0201 
2 0301,0406 0301, 0501 
3 0404,1104 0301, 0501 
4 1301, 1301 0103,0103 
5 0701, 0501 0201 , 0102 
6 1301,1501 0102, 0103 
Quantification To avoid artifacts by reaching the plateau of the PCR 
reaction, adequate amoun ts of cDNA were determined by titration agajnst 
the synthetic control DNA and the number of cycles was limited to 30. PCR 
products were fi-actionated on 2% agarose gels and stained with ethjdium 
bromide. The stained bands were directly subjected to densitometric 
quantification or Southern blot analyses were perfonned using oligonucle-
otides directed agajnst the C regions of the TCR a and f3 chains (ACES, 
Gibco). T he oligonucleotides were directly labeled with alkaline phos-
phatase (ACES, Gibco) and detected by chemiluminescence (ACES, 
Gibco). Quantification of the PCR products was done by means of 
densitometry using BlOPROFlL 0085 software (Vilbert Luormat, France). 
PCR resu lts for several V f3 regions were verified by comparing them with 
data obtained by fluorescence-activated cell sorter analysis using mononu-
clear blood cells and a set of monoclonal antibodies purchased &om T Cell 
Sciences (Cambridge, MA). Sensitivity of the PCR method was estimated 
by titrating in T-cell clones with known Va and V f3 usage: addition of 1 "It, 
of a clonal T-cell population to mononuclear blood cells could be detected 
(data not shown) . 
HLA Typing of Cl~ss II Antigens To characteri ze further the trimo-
lecular complex ofTCR, peptide, and antigen-presenting molecule crucial 
for T-cell activation, we performed typing of HLA-DRB1 ' and -DQA1* 
alleles as described previously [4]. 
RESULTS 
Hetero geneity for HLA-DRB1 * and -DQA1 * Antigens To 
interprete the TCR repertoire in th e light of the relevant restriction 
elements presen t we typed HLA-DRB1 * and -DQA1 * antigens 
using sequence-specific oligonucleotides .in six patients. T h e results 
are summarized in Table I docum enting the heterogenous HLA 
class II background of this population. 
The T-Cell Receptor Repertoire in Lesional Skin Is Re-
stricted PCR. produ cts of both sample cDNA and synthetic 
control DNA yie lded distinct bands of the expected sizes and size 
differences w h en loaded o n agarose gels (Fig 1). T he authenticity of 
these bands was confirmed by Southem blot (data not show n) . In 
aU patients the vast majority of known VOl and V{3 regions was 
detectable within the blood compartment. All VOland V {3 primers 
used except V0l19, V0l29, V{314, and V{321 yielded positive results 
in at least some patients. Interestingly, the number of V regions 
detected in th e skin was always smalle r. An average of four VOland 
V {3 regions present in the blood compartment were not de tectable 
within th e cutaneous compartment. A lthough there was no gen eral 
pattem deducible by interindiv idual comparison , it was striking that 
V 018 and V (323 were two regions usually absent in the skin . 
TCR Repertoire in Lesional Skin Lacks Enrichment for 
Superantigen-Associated V(3 Regions T h e frequencies of the 
different V regions detectable in the blood compartment showed 
considerable variation among the patients. W ith th e exception of 
V{32 (median, 10.2%) no VOl or V{3 family was found to be 
expressed on more th an 10% of the T-cell population (Table 2). 
Similarly, the TCR repertoire in the cutaneous compartm en t 
diffe red from patient to patient. Again, no predominant V region 
could be identified. T his was true for VOl and V{3 regions. As in the 
blood compartment, V{32 was the most freq u ently expressed V 
region (median , 12.3'%). 
Comparing circulating and infil trating populations, bo th in-
T H E JOURNAL OF INVESTIGATIVE DERMATOLOGY 
8LOOD 
• 1 10 15 20 
- ~ 
:;: :-: .. :: . . -. - ~ - :~--:-.: -
SKIN 
., 10 15 20 
-
.. ;- - ~ -: .. - .. :- ... -- . ..  --: 
-. .. .. " -
Figure 1. PCR of sample cDNA as well as synthetic control DNA 
yields bands of the expected sizes. Total RNA was extracted from 0.5 g 
of frozen biopsy material (skin) and 2 X 106 mononuclcar cells (blood) and 
cDNA was synthesized. T he paticnt's cDNA was co-amplified with syn-
thetic control DNA by PCR usin g 25 specific Va primcrs and a specific C 
primer. PCR products were fractionated on 2% agarose gels and stained 
with cthidium bromide. The upper bands represent the larger synthetic 
control DNAs. Numbers indicate the VOl. fa mily amplificd in the respective 
lanc. 
creased and decreased frequencies of different V Ol 'and V {3 regions 
were noted. However , the shifts observed varied b e tween patients . 
Particularl y, marked positive selection of either V{32, V{35, V{38, or 
V{312-those regions discussed in the lite rature to b e potentially 
skewed-was not detected. Figure 2 indicates the freq uen cy of 
these V{3 regions in the six patients where HLA class II typing was 
available. 
DISCUSSION 
Activated T - helper cells are a promi.n ent feature of the infiltrate in 
psoriatic lesions [1 2]. T-cell activation co uld b e achieved antigen 
independently, e.g., via UM4D4 [13] , or it could b e triggered by 
(super) antigens. Because exacerbation of psoriasis has been re-
porte d following staphylococcal [7] and streptococcal [6] infec-
tions, bacteria.l - derived superantigens are likely candidates for the 
latter pathway. Because superantigens stimulate T cells expressing 
distinct V{3 regions, an expansion ofT cells expressing the respec-
tive V(3 region occurs [14]. A shift in the TCR V(3 repertoire of 
skin-infi ltratin g T cells has recently been reported by two groups 
[5,8]. However, the V {3 fam ilies found to be enriched diffe r 
between the cases reported so far. Differences with regard to the 
superalltigens involved might contribute to the variability of the V{3 
regions selected . 
Inte restingly, ill chronic plaque-stage psoriasis we did not detect 
simil ar preferences with regard to the V{3 usage ill this study as w eU 
as in a previous analysis employing an expanded panel of anti-V{3 
antibodies [1 5]. However, in some of the cases investigated in the 
latter study epidermotropic T cells exhibited preferential usage of 
distinct V {3 regions almost absent on T cells located derm ally or o n 
circulatin g T cells. It should b e noted that the lack of d e tectable 
shifts ill the TCR V{3 repertoire between blood and skin compart-
m ents does not n ecessarily exclude the causative invo lvem ent of 
(super) antigens because only a minority of skin-infiltrating T ceUs 
in con tact dermatitis h as been shown to be antigen specific [16] . 
Besides, supe rantigens can cause both an initial reduction as well as 
a subsequent expansion of T cells characterized by a distinct TCR 
V {3 region (T. Miethke, personal communication). Thus, skewing 
of the TCR rep ertoire du e to (super) antigenic stimulation might be 
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Table II. SelDiquantitative PCR DoculDents the Absence 
of DOlDinating V Regions in the Lesional T-Cell 
Receptor Repertoire 
Blood" Skin" 
Va 
2 7.5 (6.7-8.7) 5.8 (4.8 - 7.7) 
3 5.6 (4.7-6.6) 7.4 (6.5-8.9) 
6 4.9 (4.0-5.6) 7.2 (4.8-9.4) 
10 3.7 (3.0-5 .0) 6.9 (4.7-9.3) 
11 5.7 (5.0-6.2) 7.6 (6.7- 9.5) 
14 7.4 (5.1-9.4) 8.5 (6.4-9.8) 
21 6.6 (4.6- 7.7) 4.4 (3.3.-6.3) 
22 7.2 (5.3-9.6) 6.4 (5.7-7.4) 
23 5.2 (4.0-6.2) 6.2 (4.4-7.2) 
V{3 
1 4.7 (2.2-6 .7) 6.5 (4.2-14.6) 
2 10.2 (8.7-12.7) 12.3 (10.9-13.5) 
3 6.1 (1 .6-10.3) 9.3 (1.5-15.4) 
4 8.1 (6.2-10.1) 6.2 (1.1-8.7) 
5 7.9 (6.5-9.9) 10.3 (7 .8 -12.6) 
7 5.2 (2.6 - 9.6) 5.9 (1.4-8.5) 
8 8.6 (5.6-13.4) 7.4 (4.9 - 9.6) 
9 6.0 (3.8-7.6) 8.2 (6.4-9.2) 
15 4.5 (2.6-6.2) 6.2 (3.1-7.9) 
17 4.5 (2.4-7.1) 5.7 (2 .4-6.9) 
19 6.8 (1.2-11.8) 5.0 (0.0-11.7) 
22 6.4 (4.4-10.6) 3.7 (0.0-7.6) 
" Numbers inclicatc relative percent; median as well as maximum and m.itWll1l1l1 
values (ill brackets) of all V regions representing morc than 5% of the total an\pliftcd 
material in at least onc comp:lrtmcnt :1TC given . 
masked by the unspecific portion of the inflltrate or its detection 
might depend on the suitable time point during the course of 
disease . In tlus context, it is noteworthy that the patients analysed 
by Leung e/ ,,/ [5] had an acute exacerbation of their disease. 
Moreover, overexpression ofV{32 noted by Lewis et ,,/ [8] was .-nore 
pronounced in guttate psoriasis. In contrast the patients in our study 
suffered from chronic plaque-stage psoriasis . These cumulativeo data 
suggest that possibly superantigens are involved in the induction of 
psoriatic lesions rather than their persistence. 
So nlr, only limited data on the TCR V{3 usage in psoriasis are 
available. Often the analysis was restticted to selected V {3-chains, 
because monoclonal antibodies have been employed in the st\]dies. 
Tlus study not only covers the complete V (3 repertoire, but also 
provides infomlation on the Vex usage in psoriasis. Tlus is impc:.ttant 
because skewing of the Vex repertoire as consequence of X-cell 
activation by antigens is well documented [17] . However, there are at 
least three reasons why antigen-driven selection of certain '):"CRs 
might be difficult to be picked up. First, as already mentioned. the 
m<uority of infiltrating cells in contact demlatitis lacks antigen recog-
nition [16] and therefore masks the antigen-specific population. Sec-
ond, larger antigens nught comprise several epitopes that in tum trligllt 
Optinlally be recogtuzed by difl:erent TCRs, thus leading to an 
oligoclonal activation [18]. Third, even a given epitope nught activate 
T cells characterized by different receptors depending on the aI"l.ogen 
presenting molecule(s) [18] . With the heterogeneity of the patients 
studied here with regard to HLA-DRBl * and -DQAl * alleles in flund 
it is not surp';sing that no interindividually constaIlt pattem of "fCR 
Va skewing could be detected. But also lack of detection of individ-
ually skewed Va regions does not exclude the possibility of a 
"conventional" antigen-i.e., a peptide bound to the HLA bitlding 
groove-- being involved in T-cell activation in psoriatic lesions fQr the 
reasons discussed above. 
Com!Jaring the TCR repertoire of blood and skin it is noteowor-
thy that both compartments exhibit a relatively similar patteocn in 
the patients studied. TIllS finding is somewhat surprising, beca'(,lse it 
has been demonstrated that lymphocytes show a nOI1fat)dom 
pattern of recircu lation, a phenomenon k110wn as "lymphocyte 
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Figure 2. Similar TCR repertoire of circulating and infiltrating 
lymphocytes with regard to some superantigen-associated V{3 
regions. PCR amplification products of the V{3 regions were fractionated 
011 2% agarose gels and stained with ethidiull1 bromide. T he stained bands 
were quantified densitometrically using the signal of the products of the 
coamplified synthetic control DNA as standards. T he portion of V{32, V {35, 
V {38, and V {312 of the total Tell repertoire in hlood (circles) and skin 
(trinllgles) is indicated as percent. 
homing" [19] , and T cells infiltrating normal human skin show a 
bias towards certain V{3-chains [20]. One eXplaIlation for the 
similarity of the TCR repertoire in both compartments might be 
that most T cells infiltrating the skin do so as part of the 
inflammatory reaction characterizing psoriatic lesions. Still, given 
the phenomenon of lymphocyte honIDlg [19] , this observation is 
not trivial, because it possibly indicates that the different antigen 
spectrum in skin versus extracutaneous compartments does not 
result in differential TCR V region usage. Further information on 
this point might be obtained fr0111 the analysis of the TCR 
l'epertoire at the leading edge of psoriatic plaques . 
I¥e grnttifi tlly nckllo/llledgc tile excellelll tCc/lllicnl nssisfnllCC tif !-II Scil<1fold. Hf -HB 
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